To study cardiovascular autonomic control, we assessed the effect of atropine on heart rate (HR) and blood pressure (BP) variability in 12 preterm infants (range 26 -32 wk) before intubation for respiratory insufficiency. Spectral power analysis of R-R interval and systolic BP (SBP) series were estimated in a low-frequency (LF; 0.04 -0.15 Hz) and high-frequency (HF; 0.4 -1.5 Hz) band and evaluated for a 10-min period before and a 10-min period after atropine sulfate (0.01 mg/kg). Baroreceptor reflex (BR) functioning was estimated using transfer function analysis at LF (coherence, gain, and phase). Atropine resulted in a significant 12% increase in steady-state HR (p Ͻ 0.01) and unchanged SBP. For R-R interval series, the total spectral power decreased 6-fold (p Ͻ 0.01), which was predominantly due to a reduction in the LF band (16-fold; p Ͻ 0.01). In contrast, we observed a significant increase (25%; p Ͻ 0.05) in total spectral power of SBP series partly as a result of an increase in HF power. The LF power of SBP series was not altered. The median LF transfer gain (BR sensitivity) between SBP and R-R interval decreased from 4.2 to 1.4 ms/mm Hg (p Ͻ 0.01) after atropine. The LF phase relationship (BP leads R-R interval fluctuations bỹ 4 s) was not changed after atropine. In conclusion, even in preterm infants in distress, atropine modulates HR and BP variability, suggesting that BR-mediated parasympathetic control of heart rate is of significance for cardiovascular control at that age. The baroreceptor reflex (BR) is the most important regulatory mechanism in the short-term control of heart rate (HR) and blood pressure (BP). The BR buffers sudden changes in systemic BP by adapting HR and peripheral vascular resistance. These responses of HR and vascular resistance are mediated by the efferent parasympathetic and sympathetic limb of the BR. As both systems are involved, studies on the BR give information on autonomic cardiovascular regulation (1,2).
To study cardiovascular autonomic control, we assessed the effect of atropine on heart rate (HR) and blood pressure (BP) variability in 12 preterm infants (range 26 -32 wk) before intubation for respiratory insufficiency. Spectral power analysis of R-R interval and systolic BP (SBP) series were estimated in a low-frequency (LF; 0.04 -0.15 Hz) and high-frequency (HF; 0.4 -1.5 Hz) band and evaluated for a 10-min period before and a 10-min period after atropine sulfate (0.01 mg/kg). Baroreceptor reflex (BR) functioning was estimated using transfer function analysis at LF (coherence, gain, and phase). Atropine resulted in a significant 12% increase in steady-state HR (p Ͻ 0.01) and unchanged SBP. For R-R interval series, the total spectral power decreased 6-fold (p Ͻ 0.01), which was predominantly due to a reduction in the LF band (16-fold; p Ͻ 0.01). In contrast, we observed a significant increase (25%; p Ͻ 0.05) in total spectral power of SBP series partly as a result of an increase in HF power. The LF power of SBP series was not altered. The median LF transfer gain (BR sensitivity) between SBP and R-R interval decreased from 4.2 to 1.4 ms/mm Hg (p Ͻ 0.01) after atropine. The LF phase relationship (BP leads R-R interval fluctuations bỹ 4 s) was not changed after atropine. In conclusion, even in preterm infants in distress, atropine modulates HR and BP variability, suggesting that BR-mediated parasympathetic control of heart rate is of significance for cardiovascular control at that age. The baroreceptor reflex (BR) is the most important regulatory mechanism in the short-term control of heart rate (HR) and blood pressure (BP). The BR buffers sudden changes in systemic BP by adapting HR and peripheral vascular resistance. These responses of HR and vascular resistance are mediated by the efferent parasympathetic and sympathetic limb of the BR. As both systems are involved, studies on the BR give information on autonomic cardiovascular regulation (1, 2) .
Data about the ontogeny of the BR and functional maturation in the human infant are limited. This is partly caused by the limited experimental (pharmacologic or mechanical) possibilities to challenge the BR in neonates. Passive head-up tilt test has been applied to neonates to measure responses in BP, HR, and limb blood flow to body tilting. In preterm infants (26 -38 wk gestation), passive head-up tilt resulted in significant vasoconstriction of the lower limb with a slight fall in aortic BP and unchanged HR (3) . The inadequate ability to maintain BP and the lack of tachycardia suggest that preterm infants lack the full integrated BR response as seen in adults. In term infants, however, a fall in systolic BP (SBP) was observed in conjunction with tachycardia and a fall in limb blood flow, suggesting the presence of active reflex vasoconstriction (4) . In a recent study, BR maturation was studied longitudinally in preterm infants, using a beat-to-beat analysis of R-R interval series and noninvasively measured SBP (5) . BR sensitivity (the R-R interval change in milliseconds per millimeter of mercury of SBP change) at birth was lower in preterm infants than in term infants and increased in postnatal life. This study, however, did not answer to what extent the parasympathetic and sympathetic system contribute to BR functioning. Previously, we showed the feasibility to use cross-spectral analysis to estimate BR functioning from spontaneous HR and BP fluctuations in stable preterm infants (6) . With this technique, we found indications of a dominant role of the sympathetic system in stable preterm infants in the first days after birth.
Knowledge about the developmental aspects of the BR relies almost exclusively on animal studies. In animal studies, it is shown that the BR is impaired in the fetus and the newborn and develops further during postnatal life (7) (8) (9) . The impairment in BR function is due to maturational changes in the autonomic pathways (10) . In sheep, the sympathetic and parasympathetic control systems mature at different rates during fetal and neonatal development (11) . The parasympathetic system exerts very little tone on the resting fetal HR before term gestation. Blockade of the parasympathetic system with atropine did not change HR in the premature fetuses. Only a significant HR increase was observed in the mature fetuses without significant changes in systemic BP (12) . These observations suggest a progressive maturation of the parasympathetic nervous system during fetal development. In contrast to the negligible parasympathetic tone exerted on the fetal circulatory functions before maturity, the sympathetic control begins in early fetal life and increases with the progression of gestation (12) . Blockade of the sympathetic system has profound effects on HR in all fetuses regardless of gestational age. In sheep, arterial BP and HR are depressed by ganglionic blockade in the newborn (1-3 d) but not in older lambs (13) . These findings suggest that sympathetic tone is high during the transitory phase in the early postnatal period and decreases in later life.
In summary, human and animal data suggest that the development of the parasympathetic system parallels the maturation of BR function with gestational age and postnatal life. In addition, an activated sympathetic system is dominantly present in the immediate postnatal period and subsequently decreases over time. Whether vagal tone is able to modulate BR in sympathetically activated preterm infants in the transitory phase after birth is currently unknown. We therefore evaluated cardiovascular autonomic regulation by spectral power analysis in preterm infants in response to selective parasympathetic blockade. Atropine was administered as part of the standard neonatal intensive care management before endotracheal intubation for respiratory insufficiency.
The objective of this study was to determine the contribution of the parasympathetic system to BR functioning by comparing changes in spectral power of R-R interval and SBP series and changes in coherence, gain, and/or phase as assessed by transfer function analysis (between SBP and R-R interval fluctuations) before and after muscarinic blockade by atropine.
METHODS

Patients.
The study group consisted of 12 preterm infants. The relevant clinical data are shown in Table 1 . Before labor, 10 women received antenatal steroids and nine women were on tocolytic (i.v. ritodrine) therapy. All infants were appropriate for gestational age, according to the Dutch growth charts (14) . All infants were studied once, around the time of atropine administration just before the intubation procedure, in the first week of life. Administration of atropine sulfate (0.01 mg/kg intravenously) is part of our regular neonatal intensive care management before endotracheal intubation. The reason for endotracheal intubation was neonatal respiratory distress syndrome (n ϭ 5), apnea (n ϭ 5), and infection (n ϭ 2). The median age of atropine administration was 36 h after birth. None had echoencephalographic evidence of cerebral hemorrhage or parenchymal lesions. Echocardiography revealed no structural abnormalities. In four patients, a patent ductus arteriosus was medically closed 30 -120 h before the study. All infants were judged to be cardiovascularly stable without need for cardiotropic drugs (dopamine, dobutamine) or volume expanders at the time of the study. All patients' respiration was supported by nasal continuous positive airway treatment, with a mean airway pressure of 4 cm H 2 O. Four infants were on caffeine therapy with serum concentration levels between 10 and 20 mg/L, and all but three received antibiotic therapy. Recordings were made before the intubation procedure in the prone position. The total registration time was 30 min: 15 min baseline and 15 min after atropine. Figure 1 shows the traces of R-R interval and SBP series during the signal acquisition period in a patient. We divided the baseline period into three 5-min periods and found no significant differences in mean R-R interval or SBP between these periods. A 10-min period was selected from the first and second 5-min period to represent the control state and was subjected to spectral power analysis. Likewise, the post-atropine period was divided into three 5-min periods. After 5 min of atropine administration, no additional changes in R-R interval values were observed. The period 5-15 min after atropine administration was considered 
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to be in a steady-state. These data were pooled to assemble one 10-min period to represent the atropine state and subjected to spectral power analysis. Spectral power analysis of R-R interval series and SBP series. With respect to details of the spectral power analysis, we refer to our previous report (6) . Briefly, R waves were detected from the ECG, and an unevenly spaced R-R interval sequence was created. The R-R interval sequence was resampled at 4 Hz to obtain an equidistantly spaced time series. R-R artefacts were identified when the R-R interval was Ͻ200 or Ͼ500 ms. Missing R-R intervals were linearly interpolated. The amount of artefact reduction was Ͻ2% per patient. SBP was identified from peak detection of the arterial BP signal, resulting in an unevenly spaced "systogram." The systogram was converted into an equidistantly spaced time series using the same resampling method as used for the R-R interval series. Spectral power of the various frequency components of SBP and R-R interval series was calculated using a moving fast Fourier transformation of 64-s segment length (256 points), providing a spectrum every 0.25 s with a resolution of 0.0156 Hz. Within each 10-min period (control state, post-atropine), the resulting spectra were subjected to assemble one average spectral density curve. The data acquisition software package was developed at the Department of Clinical Physics of our hospital in collaboration with the Department of Physics of the Eindhoven University of Technology, The Netherlands.
Unlike the consensus for spectral analysis in human adult (15) , there is no agreement in spectral band definitions for neonatal studies (16 -20) . As the neonatal HR and respiration rates differ from that of the adult, neonatal studies likely require a different HF definition. Two frequency bands were defined, as indicated in Figs. 2 and 3: 1) the low-frequency (LF) band (0.04 -0.15 Hz) reflecting BR activity and 2) the high-frequency (HF) band (0.4 -1.5 Hz) reflecting the range of respiratory rate in preterm infants. The very low frequency band (0 -0.04 Hz) was discarded to avoid possible contribution of slow trend artefacts. The total frequency band of interest was the range between 0.04 and 1.5 Hz. Spectral power was calculated in each defined frequency band. The values for spectral power are presented in units of milliseconds 2 (for R-R interval series) and mm Hg 2 (for BP series). Transfer function analysis. In addition to the spectral density power, the transfer function analysis (coherence, transfer gain, and phase) was calculated, as previously described in detail (6, 21, 22) . Briefly, transfer gain reflects the degree to which the input signal (SBP) amplitude becomes manifest in the output signal (R-R interval) amplitude at a discrete frequency. At LF, transfer gain is an estimate for BR gain/ sensitivity (22, 23) . The phase difference (degrees or seconds) indicates the lead or lag of one signal with respect to the other at a discrete frequency. A negative phase relation indicates that SBP fluctuations lead R-R interval changes. In addition to these calculations, the coherence function was computed to assess the amount of linear coupling between SBP and R-R interval series in the frequency domain. The coherence function, which ranges from 0 (no relationship) to 1 (linear relationship), was used to assess the statistical reliability of the transfer function at each frequency. Transfer gain and phase were assessed in each frequency band at the frequency of highest coherence value (6) .
Statistical analysis. For each period, the autospectra densities were subjected to ensemble averaging. Because spectral power between patients does not display a normal distribution, the spectral power values of R-R interval and SBP series and transfer function analysis (frequency, coherence, gain, and phase) are expressed as (group) median and interquartile range (IQR). Comparisons between the control and atropine state were made with a two-sided paired Wilcoxon sign rank test for nonparametric data. The influence of gestational age and use of caffeine on spectral power values and transfer function vari- ables was studied by linear regression analysis, using the method of least squares, and ANOVA. Statistical significance was accepted at p Ͻ 0.05.
RESULTS
The median R-R interval decreased from 422 to 378 ms (p Ͻ 0.01), equivalent to a 12% increase in HR after atropine. Table 2 shows the results of the spectral power values for R-R interval series and respiratory frequency in response to atropine administration. The median total spectral power decreased 6-fold from 135 to 22 ms 2 after atropine (p Ͻ 0.01). Remarkably, the spectral power was much more decreased within the LF (16-fold; p Ͻ 0.01) than within the HF band (only 3-fold; p Ͻ 0.05). All patients showed a similar pattern with a decrease in total spectral power and a predominant decrease in LF. In Fig. 2 , the individual spectral density curves and the (group) median spectral density curve of R-R interval series are shown for the control state ( Fig. 2A ) and after atropine (Fig. 2B) . Atropine did not have a significant effect on the respiratory frequency of the patients (control state, median 0.98 Hz; atropine state, median 0.91 Hz). The respiratory frequency range was within the HF band. The median spectral LF/HF ratio decreased from 7.9 to 1.3 after atropine (p Ͻ 0.01).
SBP remained unchanged after atropine administration. Table 3 shows the results of spectral power values for SBP series in response to atropine administration. After atropine, total spectral power increased in nine patients. The median total spectral power increased from 4.1 to 5.2 mm Hg 2 after atropine (25%; p Ͻ 0.05). Remarkably, no change in LF spectral power was observed. After atropine, the HF spectral power increased Hz). In the LF band, individual peaks can be observed corresponding with BR activity. The slight increase of spectral power in the HF band corresponds to respiratory activity. In contrast to the reduction in variability in the R-R interval series, total SBP variability is preserved after atropine and is even 25% higher after atropine. 942 in 11 patients. The median HF spectral power increased from 1.4 to 1.7 mm Hg 2 (20%; p Ͻ 0.01). In Fig. 3 , the individual spectral density curves and the (group) median spectral density curve of SBP series are shown for the control state (Fig. 3A) and after atropine (Fig. 3B) . Table 4 shows the result of the transfer function analysis. The control state showed the highest coherence values (median 0.43; IQR 0.28 -0.55) in the LF band at a median frequency of 0.08 Hz. The control state showed the highest coherence values in the HF band (median 0.73; IQR 0.62-0.82) at a median frequency of 0.81 Hz. In the control state, LF gain (median 4.2 ms/mm Hg) was lower than HF gain (median 8.3 ms/mm Hg; p Ͻ 0.05). In the control state, LF phase (median Ϫ3.7 s) was significantly different from the HF phase (median 0.4 s; p Ͻ 0.05).
The median LF transfer gain (BR sensitivity) decreased significantly from 4.2 to 1.4 ms/mm Hg after atropine (p Ͻ 0.01). The HF transfer gain did not change after atropine. In both frequency bands, atropine did not change the phase relation between SBP and R-R interval fluctuations. Because coherence values Ͼ0.5 are (arbitrarily) assumed to be of statistical significance using physiologic signals and might limit the value of the transfer function (23), we performed a subanalysis of the LF transfer function data in seven patients with coherence values Ͼ0.5. The median LF gain decreased significantly from 4.4 (IQR 3.1-5.7) to 1.0 (IQR 0.8 -1.7) ms/mm Hg (p Ͻ 0.05). The median LF phase did not significantly change after atropine and remained at~Ϫ4 s. The (negative) phase relation in the LF band of the control state indicates that SBP fluctuations lead R-R interval changes. No significant influence could be demonstrated of gestational age and use of caffeine on R-R interval and SBP series, spectral power analysis, and transfer function analysis.
DISCUSSION
This study demonstrates clearly that vagal tone is present in the very first days after birth in preterm infants. Administration of atropine resulted in a significant increase in HR without altering SBP. Atropine profoundly decreased total variability of the R-R interval series, which was associated with a slight increase in total variability of SBP series. Remarkably, for R-R interval series, the decrease in LF power was larger than the decrease in HF power. The transfer function analysis showed a significant decrease in LF transfer gain (BR sensitivity) after atropine.
Endotracheal intubation is a commonly performed procedure in neonatal intensive care, and atropine is used as premedication to facilitate intubation of neonates (24) . Atropine, a muscarinic receptor antagonist, exerts its influence on postganglionic muscarinic receptors of the sino-atrial node and atrioventricular node of the heart. Binding of acetylcholine to muscarinic receptors leads to a rapid (within 100 ms) membrane hyperpolarization (25) . In addition, the effect of vagal impulse is brief because acetylcholine is rapidly hydrolyzed (25) . Both characteristics of acetylcholine enable the parasympathetic system to be a fast-acting system. In contrast, cardiac responses to sympathetic stimulation arise relatively slowly (latency of 2-5 s) and dissipate over a longer period (25) . It is assumed that LF fluctuations of the R-R interval and SBP are attributed to the BR and mediated by sympathetic as well as parasympathetic nerve activity. HF fluctuations of the R-R interval and SBP are associated with respiratory activity, and HF R-R interval fluctuations are mainly mediated through the (fast-acting) parasympathetic system (1, 2, 7, 15, 22, 23, 25) . The R-R interval is expressed in ms and spectral power values in ms 2 . The respiratory frequency is expressed in Hz. Data are expressed as median and IQR between brackets. The total spectral power was computed for the frequency band between 0.04 and 1.5 Hz. The LF band was defined between 0.04 and 0.15 Hz, and the HF band was defined between 0.4 and 1.5 Hz. The p value notations (paired Wilcoxon sign rank test) are expressed in the last column; NS, not significant. 
The SBP is expressed in mm Hg and the spectral power values in mm Hg 2 . Data are expressed as median and IQR between brackets. The total spectral power was computed for the frequency band between 0.04 and 1.5 Hz. The LF band was defined between 0.04 and 0.15 Hz, and the HF band was defined between 0.4 and 1.5 Hz. The p value notations (paired Wilcoxon sign rank test) are expressed in the last column; NS, not significant. 
AUTONOMIC FUNCTION IN PRETERM INFANTS
HR and BP variability. The observations that atropine increases HR and decreases its total variability are in agreement with findings from animal data as well as human data (26 -32) . The observation of unchanged SBP with increased SBP variability is confirmed by previous studies (28, 29) . Remarkably, we observed that at LF, the profound decrease in variability of the R-R interval series was not associated with an increase in variability of the SBP series. Apparently, at LF, the (slow-acting) sympathetic system is capable of adjusting SBP fluctuations. In contrast, the increase of SBP variability in the HF band after atropine suggests a loss of a (fast-acting) buffering system as a result of atropine. In preterm infants with respiratory distress syndrome and patency of the ductus arteriosus, it is possible that the increase in HR after atropine induces an increase in transductal shunting, which is known to be associated with an increase in HF BP variability (33) . However, in the present study, none of the patients had ductal patency during the measurements.
The extreme thorax movements in patients who have severe respiratory distress and are breathing spontaneously may directly and mechanically exert profound oscillations in BP, which cannot be buffered completely by beat-to-beat variation in R-R intervals (34) . Furthermore, one could speculate that in these patients, the respiratory fluctuations are faster than the frequency response of the heart to fluctuations in parasympathetic activity (35) . Respiration may produce, via the BR, increasing and decreasing concentrations of acetylcholine at the sinus node. The response frequency of the sinus node, however, may be too slow to follow with acceleration and deceleration to these alternating concentrations of acetylcholine. This frequency-limiting step of the parasympathetic system might be related to the cellular properties of an immature parasympathetic nervous system or immature cardiac target cells. Parasympathetic innervation and acetylcholine esterase activity in the neonatal cardiac conduction system is only moderately present at birth, and a process of maturation presumably takes place later in life (36) . This could explain why atropine showed less effect on the HF respiratory-associated R-R interval fluctuations. Three other explanations are possible for the small effect on HF fluctuations in the R-R interval series. First, the small effect of atropine on HF could be explained by the fact that HF is relatively low in sick preterm infants (6) . Second, the study is not designed as a classical pharmacologic blockade study. The muscarinic receptor blockade is not validated for total blockade with agonists. However, we found in all patients a marked HR increase after atropine, and thus it seems unlikely that the dose was too small. Notably, we observed no initial "paradoxal" vagomimetic period, resulting from a low dose of atropine that can be seen in adults before the vagolytic effect (32) . Third, the infants are in respiratory distress. The extreme thorax movements probably lead to direct stretching of the atria, not related to BR, resulting in respiratory-associated R-R interval fluctuations (37) .
One of the interesting aspects of our study is the observation that atropine predominantly decreases the LF fluctuations and not the respiratory-associated HF fluctuations of the R-R interval series. These findings are in contrast with animal or human adult data. In adult rats, atropine increased HR and decreased the spectral HF peak (29, 31) . Similar results have been obtained in human adults, in which atropine increased HR and decreased HF spectral power (30, 32, 38) . During sympathetic stimulation, variability of the R-R interval series showed virtually no spectral power in the HF band after atropine (30) . In a study of thermoregulatory blood flow fluctuations in human adults, atropine resulted in a significant increase in HR. However, parasympathetic blockade caused a great reduction in power in all frequency bands in the HR spectrum, with remaining power in the LF band (39) . Studies in healthy volunteers under controlled conditions (␤-adrenoceptor blockade, metronomic breathing) show that the respiratoryassociated fluctuations are more sensitive to slight changes in vagal activity than to tonic control (32) . To explain these features, it can be hypothesized that difference in the shift of HR and respiratory-associated fluctuations are controlled by independent actions of the two primary medullary source nuclei of the vagus: the nucleus ambiguus and the dorsal motor nucleus. This hypothesis could fit with a phylogenetic theory named the polyvagal theory (40, 41) . Although vagal pathways from both nuclei terminate on the sinoatrial node, it is argued that the fibers that originate in the nucleus ambiguus are uniquely responsible for the phasic HR control, whereas the dorsal motor nucleus controls the neurogenic tonic HR (41) . It is possible that the different vagal nuclei behave differently when exposed to atropine. Furthermore, it is likely that in preterm infants, the vagal system is not fully matured, has different myelination of the vagal nerve, or lacks the interconnections between the two vagal nuclei to ensure the (adult) phasic cardiorespiratory control (40, 42) .
The observation of a predominant effect on decreasing the LF spectral power of the R-R interval series after atropine indicates that the BR in preterm infants is under significant parasympathetic control. These vagal responses might reflect different physiology in the preterm infant, as discussed above. Several other explanations can be given for a predominant decrease in LF power of the R-R interval series. First, in addition to the dominant cardiac cholinergic (muscarinic) M2 receptor found in the adult heart, M1 subtypes may be found in the neonatal heart (43) . These neonatal receptors may serve different physiologic responses to acetylcholine stimulation (44) . Second, parasympathetic activity can modulate sympathetic effects by inhibiting norepinephrine release and modulating the sympathetic system (45) . Likewise, blockade of the parasympathetic system might have an effect on sympathetic activity. Unknown is to what extent these interactions and processes are matured in preterm infants. Third, because breath amplitude modulation is associated with LF fluctuations in R-R interval series, the decrease of the LF component might be caused by a more stable respiration pattern after atropine administration (46) .
In adults, the ratio low-to-high spectral power in the R-R interval series (LF/HF ratio) is assumed to reflect the "sympathovagal" balance (2, 15) . LF depends on sympathetic and parasympathetic activity, and HF is mediated by parasympathetic activity. This ratio has never been validated in neonates. Remarkably, we observed a significant decrease in the LF/HF ratio of the R-R interval series after atropine. Considering the 944 predominant effect on decreasing the LF component of the R-R interval series after atropine and possible different physiology of cardiovascular regulation as discussed above, the LF/HF ratio might not be applicable in preterm infants in the transitory phase after birth.
Transfer function analysis and BR. The control state in our study showed the highest coherence values within the LF band at~0.08 Hz, comparable with the natural frequency of the BR. In addition, we found in the control state an LF transfer gain (or BR sensitivity) of~4 ms/mm Hg. Of the total study group, nine patients showed a clear negative phase relation between SBP fluctuations and R-R interval changes, indicating a BRmediated reflex: LF fluctuations in SBP lead R-R interval changes. In three patients, a slightly positive phase relation between SBP fluctuations and R-R interval changes was observed, possibly suggesting a feed-forward mechanism: LF changes in R-R interval lead fluctuations in SBP. No data are available in neonates on whether such a feed-forward mechanism exists. Alternatively, the circumstances during which the data are acquired (very preterm infants in respiratory distress, high arousal state) possibly limited the transfer function analysis. However, all patients of the subgroup analysis with coherence values Ͼ0.5 (assumed to be statistically more reliable) showed a negative phase relation, indicating a BR mechanism: LF fluctuations in SBP lead R-R interval changes by~4 s. These observations are in agreement with our previous report on BR functioning in preterm infants who have stable respiration (6) .
We noticed after atropine administration a significant decrease in LF gain. LF gain is decreased because of the predominant effect of atropine on decreasing LF variability of the R-R interval series. LF phase relation did not change after atropine. This indicates that atropine changes the BR sensitivity but does not completely diminish the BR in preterm infants presumably because of sympathetic regulation. This aspect of decreased sensitivity is in agreement with human adult data in which atropine leads to a flattening of the cardiac baroreflex slope (47) . In case of HR frequencies of 2.5 Hz and respiratory frequencies of~1 Hz, taking into account the closed-loop properties of the BR, interpretation of the HF phase shift is limited. At HF, we observed that a median phase between SBP and R-R interval fluctuations was close to 0 s with only small IQR (Ϫ0.3 to 0.5 s), indicating that SBP and R-R interval series are fluctuating together and probably not related to BR activity (29) .
Methodologic considerations. A limitation of the study group is its heterogeneity regarding the underlying pathology of the preterm infants. In contrast to our earlier study, we found in the present study lower coherence values of the LF transfer function analysis. The lower coherence values might be caused by acquisition "unselecting" data during the study. In contrast to our previous study, we analyzed much longer periods without taking the (quiet) sleep state into account. In addition, the character of the "acute" intervention (15 min of control stateatropine administration-15 min after atropine but before endotracheal intubation) precludes selecting such periods. For the same reason, we opted for a predefined HF band.
CONCLUSION
The present study shows that a significant vagal tone is already present in the transitory phase after birth. Atropine increases HR and decreases variability of the R-R interval series. In contrast to the R-R interval series, variability of the SBP series is preserved. Remarkably, atropine predominantly decreases the LF fluctuations of the R-R interval series. As a consequence, atropine decreases the LF transfer gain or BR sensitivity. These data show that atropine modulates HR and BP variability, suggesting that BR-mediated parasympathetic control of HR is of significance for cardiovascular control in the early postnatal period of distressed preterm infants.
